Introduction: The trend towards higher magnetic field strengths (B 0 ) in NMR has been fueled mainly by the quest for increased signal-to-noise ratio. However, the laboratory frame longitudinal relaxation time (T 1 ), which is dominated by
1/2 , with ω 1 =γB 1 and Δω = offset frequency), and α is the time-dependent angle between the vector B eff (t) and the laboratory frame z-axis. To reduce RF power requirements, we investigated the possibility of creating a time independent fictitious effective field (E) generated under subadiabatic condition. We demonstrate theoretically that RAFF provides sensitivity to the slow rotational correlation times.
Experiments on human brain demonstrate the potential of RAFF to generate contrast for MRI, while requiring less RF power than that typically used for T 1ρ and T 2ρ measurements. This new method is entitled relaxation along a fictitious field (RAFF). 
, where ω 1 max is the maximum amplitude of ω 1 (t) leading to the condition |dα/dt| = ω eff = constant. In the second rotating frame of reference, the amplitude of the E is E = (ω eff
where α(t) = tan -1 (ω 1 (t)/Δω(t)). To overcome problems of RF inhomogeneity, a composite version of the pulse was designed (Fig. 1) . The composite pulse follows BIR-4 scheme introduced earlier [4] . The theoretical calculations were carried out by applying second order perturbation theory [5] for dipolar interaction transformed to the ω E -frame (relaxation along E). Bloch simulations neglecting relaxation were used to investigate the evolution of magnetization (M) during the sine/cosine pulse. All human experiments were carried out using a 4 T magnet (OMT, Inc., Oxon, UK) with Varian The sensitivity of the RAFF dipolar rate constant R 1ρ,E for the change of the correlation times is demonstrated in Fig. 2 , being close to that obtained by on-resonance continuous wave spin-lock R 1ρ = R 2 . An intriguing property of RAFF found by the theoretical calculations is that R 1ρ,E ≡ R 2ρ,E . Using Bloch simulations, M was found to follow E once placed along it initially (Fig. 3) showing a locking property of E. Signal intensity was found to end up in the same steady state independently of flip angle prior to the sine/cosine pulse in 5 mM GD-DTPA solution (data not shown). This suggests the necessity to use of the steady state analysis for the human RAFF relaxation time mapping. The relaxation time constants in the human brain were shown to be ≈ 20 % shorter when steady state fitting (Fig.  4a) was compared to mono-exponential fitting (Fig. 4c) . The fraction SS (=S SS /S 0 ) represents the contribution of steady state to RAFF and varied in mid brain areas, providing potential contrast (Fig. 4b) . The average RF power delivered into the brain tissue during RAFF per unit time is 83 % of the adiabatic T 1ρ (HS1 pulses, max 1 / (2π) = ω 1.3 kHz) and 61 % compared to continuous wave pulse with equal power with RAFF. The lower power requirement of RAFF as compared to adiabatic and continuous wave techniques may enable the use of RAFF contrast also in deep body structures where external RF power delivery is challenging for high field human applications.
